Rectal prolapse traumatizes rectal neuromuscular microstructure explaining persistent rectal dysfunction by unknown
ORIGINAL ARTICLE
Rectal prolapse traumatizes rectal neuromuscular microstructure
explaining persistent rectal dysfunction
Matthias Kraemer1 & Werner Paulus2 & David Kara1 & Saskia Mankewitz1 &
Stephanie Rozsnoki2
Accepted: 30 August 2016 /Published online: 6 September 2016
# The Author(s) 2016. This article is published with open access at Springerlink.com
Abstract
Purpose Internal rectal prolapse is common and correlates
with age. It causes a plug-like physical obstruction and is a
major cause of defecation disorder. The progressive distortion
of the prolapsing rectum likely causes secondary defects in the
rectal wall, which may exacerbate rectal dysfunction. We un-
dertook a prospective observational study to detect and quan-
tify the neurologic and histopathologic changes in the rectal
wall.
Methods We examined dorsal and ventral rectal wall speci-
mens from consecutive patients with internal rectal prolapse
undergoing stapled transanal rectal resection (STARR). We
subjected specimens to histopathologic and neuropathologic
assessment, including immunohistochemistry. We also re-
corded patients’ clinical and demographic characteristics and
sought correlations between these and the pathologic findings.
Results We examined 100 specimens. The severity of rectal
prolapse and the extent of descent of the perineum correlated
significantly with age. Concomitant hemorrhoidal prolapse
was noted in all male patients and in 79 % of female patients.
Muscular and neuronal defects were detected in 94 and 90 %
of the specimens, respectively. Only four specimens (4 %)
were free of significant structural defects.
Conclusion Rectal prolapse traumatizes the rectum causing neu-
romuscular defects. The tissue trauma is due to shearing forces
and ischemia caused by the intussusception. This initiates a self-
reinforcing vicious circle of physical and functional obstruction,
further impairing rectal evacuation and causing constipation and
incontinence. The correlation between extent of prolapse and age
suggests that internal rectal prolapse can be considered a degen-
erative disorder. Neural and motor defects in the wall of the
rectum caused by rectal prolapse are likely irreversible.
Keywords Rectal dysfunction .Megarectum . Rectal
hyposensitivity .Rectal inertia .Obstructeddefecation .Rectal
prolapse
Introduction
The last decade has brought a better understanding of acquired
degenerative disorders of the rectum as well as new treatment
options. In this context, internal rectal prolapse is recognized
as a major cause of defecation disorder. The causal link be-
tween internal rectal prolapse and defecation disorder is large-
ly accepted as a pathophysiologic concept known as
obstructed defecation syndrome [1–12]. The cause of
obstructed defecation is thought to be physical obstruction
caused by the plug-like internal prolapse.
Imaging of patients with rectal prolapse—particularly dy-
namic defecography—often reveals an extremely flaccid and
dilated rectum. Resection specimens of prolapsing rectum fre-
quently appear fibrosed and scarred. It would be unlikely that
a markedly flaccid, dilated, and intussuscepting rectum still
retains the sensorimotor integrity required for evacuation.
Conversely, a structurally normal rectum is unlikely to be
flaccid enough to undergo intussusception.
The healthy rectum plays central sensory and evacuation
roles in defecation. We hypothesized that the mechanics of
internal rectal prolapse cause trauma to the rectal wall that in
turn leads to sensorimotor impairment of rectal evacuation.
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The confirmation of a causal relationship between pro-
lapse, structural damage, and functional deficit would contrib-
ute to our understanding of sensorimotor disturbances of the
rectum and might explain why dysfunction may persist de-
spite operative removal of the obstructing prolapse.
The objective of this prospective observational study there-
fore was to detect and quantify histopathologic changes in
rectal wall specimens taken from patients with rectal prolapse
undergoing stapled transanal rectal resection (STARR). We
sought changes that might indicate coexisting deficits of rectal
sensory and motor functions and examined whether there was
a correlation between structural changes, patients’ demo-
graphic characteristics, and clinical findings.
Materials and methods
We undertook a prospective observational study, recording
clinical data from patients with internal rectal prolapse under-
going STARR and subjecting resected specimens to detailed
neuropathologic examination. We examined the extent to
which defects were found in the mucosa-submucosa,
muscularis propria, and connective tissue, as well as the neu-
ronal plexus and cells of Cajal. We also sought correlations
between defects, the sex, and age of the patients and clinical
findings.
Stapled transanal rectal resection
In western Europe, STARR has become a standard procedure
for the resection of rectocele and to address internal rectal
prolapse [1–12]. In carefully selected patients, the procedure
is technically straightforward, safe, and generally has good
functional outcomes. During surgery, the anterior and posteri-
or rectal segments of the prolapse are usually resected sepa-
rately and the remaining wound edges are stapled together.
Generally, therefore, two separate full thickness specimens
of the affected rectal wall are taken.
Although the STARR technique is widely accepted, it is
still considered as controversial in some parts. However, pos-
sible pros and cons of the STARR procedure are not the issue
of our study.
For the purposes of this study, we undertook investigations,
made the diagnosis, selected patients for surgery, performed
STARR, and managed patients postoperatively according to
our current, routine clinical practice.
Histologic and neuropathologic assessments
Formalin-fixed, paraffin-embedded samples of complete rec-
tal wall were subject to histologic and neuropathologic assess-
ments. All histologic assessment was undertaken at the
Institute of Neuropathology of the University Hospital,
Münster, Germany, according to previously published tech-
niques [13, 14].
Specimens were stained with hematoxylin and eosin or
Elastica van Gieson stains. Immunohistochemical staining
was performed for the following antigens: CD117 (Clone c-
Kit, Dako, Glostrup, Denmark, concentration 1:400, boiling
pretreatment at pH 6.1), S100 (Dako, concentration 1:4000,
no boiling pretreatment), calretinin (Dako, clone DAK-calret
1, concentration 1:50, boiling pretreatment at pH 9.0), and
muscle actin (clone HHF35, Dako, concentration 1:400, boil-
ing pretreatment at pH 6.1). All samples were independently
assessed by two raters (WP and SR).
We examined for mucosa prolapse syndrome (manifested by
fibromuscular obliteration, crypt atrophy, erosion, and ulceration)
and assessed the integrity of the muscularis propria (for layering,
atrophy of the circular or longitudinal layer, scarring of the cir-
cular or longitudinal layer, or inflammation), connective tissue
(quantity and location), the submucosal plexus (for its structure),
themyenteric plexus (for quantity of ganglion cells and scarring),
the interstitial cells of Cajal (for density), and the general severity
of pathology (see also supplemental Fig. 1).
Normal muscularis propria 
Fibrosis and atrophy of  
circular layer 
Fibrosis of myenteric plexus 
Fig. 1 Examples of some of the histologic findings
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Statistical analysis
We used the Fisher’s exact test, the chi-squared test, and the
Kruskal-Wallis test to compare the clinical and histopatholog-
ic features of the patients with rectal prolapse (SPSS software,
version 20.0; IBM Corporation, Armonk, NY). P values
<0.05 were considered statistically significant. Statistical sup-
port was provided by the Institute of Biostatistics and Clinical
Research, Westfälische Wilhelms-Universität, Münster,
Germany.
Ethics approval
Conduct of the study was approved by the local ethics board
(2013–629-f-S, Ethikkommission der Ärztekammer
Westfalen-Lippe) and registered as a clinical study with our
national database (DRKS00005662, Deutsches Register
Klinische Studien).
Results
We collected 100 specimens from 51 consecutive patients
diagnosed with obstructed defecation and rectocele/rectal pro-
lapsed, who underwent STARR following our routine preop-
erative therapeutic and diagnostic protocol (patient
demographics; Table 1). Of these, 49 were ventral wall speci-
mens and 51 dorsal wall specimens. Two patients in our cohort
only required semicircular STARR, which therefore yielded
only one specimen. Four patients who had a previous anorectal
operation during the previous 12 months were excluded from
the study. Staining was performed on all 100 specimens.
Clinical characteristics
The majority of female patients had a history of vaginal de-
livery (64 %) and/or hysterectomy (44 %; Table 2). The se-
verity of rectal prolapse and extent of the descending perine-
um corresponded significantly with age (Tables 3 and 4).
Hemorrhoids were present in all male patients and in 74 %
of female patients (Table 5). The vast majority of female pa-
tients were found to have rectocele (Table 6), again correlating
with age.
Histologic changes
Muscular and neuronal defects were detected in 94 and 90 %
of the specimens, respectively (Table 6). Only four specimens
from three patients were free of significant histologic or neu-
ropathologic findings (Table 7). Notably, two of these three
patients had unremarkable ventral specimens but were never-
theless found to have defects on the opposite side. Only 1 of
the 51 patients was found to be free of significant muscular or
neuronal defects in both STARR specimens.
Discussion
Our findings support the hypothesis that internal rectal pro-
lapse formation initiates a vicious circle of progressive struc-
tural damage and ensuing loss of function. Internal rectal pro-
lapse is a plug-like intussusception of the rectum. The tissue
Table 1 Patients’ demographic characteristics




Table 2 Obstetric and gynecologic histories of female patients
(n = 39) Vaginal delivery Hysterectomy
16 (41 %) + −
9 (23 %) + +
8 (21 %) − +
6 (15 %) − −
Table 3 Extent of rectal intussusception (RI) versus patient age
Rectal intussusception (RI) Number Median/average
age (years)
RI reaches upper part of anal canal 6 49/49
RI reaches lower part of anal canal 22 54/53
RI reaches external anal ring 15 62/62
RI reaches beyond external anal ring 6 68/69
Not stated 2
RI versus age p = 0.01
Table 4 Extent of descending perineum versus patient age
Descending perineum (DP) Number Median/average
age (years)
No significant DP 5 51/50
Descend above level of ischial tuberosities 14 50/49
Reaches level of ischial tuberosities 25 60/61
Descend beyond level of ischial tuberosities 5 66/69
Not stated 2
DP versus age p = 0.015
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trauma is most likely caused by shearing forces and ischemia
caused by the intussusception.
The healthy rectum assumes an important sensory role in the
physiology of defecation. There is consensus that increased
intraluminal pressure in the rectum is perceived by receptors,
although these have not been conclusively identified [15–19].
Above a certain threshold, rectal intraluminal pressure initiates
the urge to defecate. The threshold for urge appears to be var-
iable and may be influenced by acquired changes of the rectal
wall (caused for example by inflammatory diseases, radiation,
or acquired degenerative changes) [20–23].
Contrary to widely held beliefs, a physiologically intact
rectum has no role as reservoir. However, with advancing
age, acquired degenerative changes, and ensuing loss of evac-
uation strength, the rectum commonly mimics a stool-filled
reservoir. The rectum acts as barrier to colonic peristalsis,
which usually ends at the recto-sigmoid junction and is not
propagated into the rectum [18]. During the resting phase,
there appear to be retrograde propulsion motor complexes that
transport smaller amounts of fecal matter back into the sig-
moid colon until mass peristalsis from above is initiated [24].
Retrograde propulsive activity is also stimulated by the con-
scious suppression of defecation urge. A chronically stool-
impacted rectum, which is a common finding, particularly in
the elderly, can therefore be taken as evidence for a rectal
evacuation deficit.
Evacuation of stool is also supported by active rectal motor
activity. Defecation can be consciously initiated by the para-
sympathetic nervous system. To evacuate stool, the levator
and anal sphincters relax, opening the anal canal. The rectum
contracts mainly axially. To achieve axial contraction, colonic
tenia spread anatomically over the rectum to form the external
layer of the muscularis propria, which covers the entire organ.
There is, however, also transverse peristalsis in the rectum
brought about by contraction of the inner and more circular
layer of the rectal muscularis propria [15–18].
The healthy rectum therefore has important and complex
sensory and evacuation functions for defecation; proper sen-
sory and motor functions require intact nerve and muscular
structures in the wall of the rectum. Our findings confirm that
rectal prolapse causes sufficient trauma to compromise these
functions. This is perhaps not surprising if one considers the
marked morphologic changes in an intussuscepting rectum.
Dynamic defecography often reveals an extremely flaccid
and dilated rectum in patients with rectal prolapse (Fig. 2).
Our finding that there is a positive correlation between age
and the extent of internal rectal prolapse and rectocele strongly
supports our opinion that the disorder is acquired and foremost
a degenerative one. It may possibly be regarded as yet one
more specific aspect of aging and be likened to other age-
associated degenerative disorders.
It is likely that prolapse formation starts as mucosal pro-
lapse and that in many cases, a reduction of connective tissue
tautness may contribute to it. The shearing forces exerted by
the passage of flatus or fecal matter push and pull the
obstructing mucosal folds, thereby gradually involving and
progressively traumatizing the deeper layers of the rectal wall
and initiating a vicious circle of obstruction and prolapse
formation.
Mucosal prolapse is in turn linked to many proctologic dis-
orders, in particular hemorrhoidal disease. This is the rationale




Number Male Female Median/average
age (years)
No significant HD 8 0 8 55/56
Grade I 9 2 7 60/60
Grade II 21 7 14 53/56
Grade III 8 2 6 59/60
Grade IV 3 1 2 60/61
Not stated 2 0 2
HD versus age n.s.
Table 6 Extent of anterior rectocele in female patients versus patient age
Anterior rectocele (AR; females) Number Median/
average
age (years)
No significant AR 3 49/52
Small (digital examination produces only slight bulging of rectovaginal wall (RVW) seen through the introitus) 1 56
Medium (digital examination produces prominent bulging of RVW seen through the introitus) 30 56/59




AR versus age n.s.
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for undertaking stapled hemorrhoidopexy, as well as for liga-
tion and injection sclerotherapy. Internal mucosal and ensuing
rectal prolapse are therefore very common.
The formation of internal rectal prolapse invariably pro-
motes physical and functional defecation obstruction.
Obstruction may cause few symptoms, or even be asymptom-
atic, for many years. Obstruction usually evolves gradually,
and the severity of its effects may ebb and flow, being influ-
enced by factors such as diet, food allergies, laxative intake,
and exercise. This explains why the obstructive effects of pro-
lapse formation remain undetected in many patients and why
the functional significance of these common degenerative
changes is still a matter of much controversy.
That even near-to-complete obstruction of passage of fecal
matter may cause few or no symptoms for a long time is not
exclusive to patients with internal rectal prolapse. Patients
with long-standing stenosing diverticular disease, Crohn’s dis-
ease, or malignancies often report Bnormal^ bowel function.
The degenerative process is usually not limited to the
infolding rectal wall; it appears to gradually involve the entire
rectum and may affect the pelvic floor and adjoining organs,
particularly in women. This typically presents with associated
phenomena such as a descending perineum. As the diameter
of the pelvic outlet is smaller in men, a smaller amount of
mucosal prolapse—as seen in hemorrhoidal disease—may re-
sult in significant obstruction.
Table 7 Summary of
neuropathologic and
histopathologic findings in
specimens taken during stapled
transanal resection of the rectum
Neuropathologic and histopathological defects Number of specimens affected
Total Ventral Dorsal
Number of specimens 100 49 51
Crypt atrophy 14 8 6
Fibromuscular obliteration of lamina propria 14 10 4
Atrophy of circular layer 68 34 34
Fibrosis of circular layer 81 39 42
Atrophy of longitudinal muscle layer 35 14 21
Fibrosis of longitudinal muscle layer 65 29 36
Rarification of Cajal cells 27 14 13
Fibrosis of myenteric plexus 85 41 44
Neuropathological defects classified as Bmoderate^ or Badvanced^ 49 25 24
No neuronal defects 10 6 4
No muscular defects 6 3 3
Neither neuronal nor muscular defects 4 3 1
Terms used to describe rectal dysfunction in the context of constipation, incontinence and 







Fig. 2 Defecographic sequence
showing distortion of the rectal
wall associated with internal
rectal prolapse formation
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There may be factors contributing to the development of
internal rectal prolapse or rectocele, such as defecation disor-
ders or a history of vaginal delivery and/or hysterectomy in
women; however, numerous patients are affected without any
obvious risk factors.
The acquired structural damage leads to impairment of
rectal function, which may persist despite operative re-
pair of the obstructing prolapse. The persistence of rectal
dysfunction after surgery contributes to the ongoing de-
bate about the optimal intervention for rectal prolapse.
For many decades, this has been a matter of lively de-
bate. It appears likely that the mode of operative repair,
in particular whether the rectum is mobilized anteriorly,
posteriorly, or circumferentially, may have little or no
effect on functional outcome. Within the context of cir-
cular mobilization, the significance of the so-called later-
al ligaments of the rectum has in particular been a matter
of some controversy [25]. Whatever nerves these liga-
ments may contain, however, they may be of negligible
significance in a prolapsing and therefore dysfunctional
rectum.
The self-reinforcing sequence of physical and functional
obstruction of the rectum may also explain why there have
been consistent reports of marked motor and sensory distur-
bances of the rectum detected in patients with constipation,
defecation obstruction, fecal incontinence, and irritable bowel
syndrome (Fig. 2) [26–36].
Internal rectal prolapse is common, and therefore, rectal
dysfunction is common. It is an often unrecognized and pos-
sibly to a certain extent unavoidable consequence of aging that
affects men and women alike. It initiates a vicious circle of
physical obstruction and functional impairment. Progressive
impairment of rectal evacuation and the ensuing fecal conges-
tion cause the typical symptom overlap of constipation and
incontinence. The current strategy of evaluating and treating
constipation and fecal incontinence as two distinct disorders
needs to be reviewed in the light of this.
An understanding that rectal evacuation depends on an
intact rectum, and that over time, the rectum is as prone as
any other organ to age-related progressive degeneration in
structure and function, increases our understanding of consti-
pation and incontinence—particularly in the elderly. Both dis-
orders significantly impair quality of life and are also of con-
siderable socioeconomic relevance.
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